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QUARTERLY MEETING. 


Young’s Hotel, Boston Dec. 14, 1887. President Darling in the chair. 

The December quarterly meeting was attended by seventy five members 
and guests. At a business meeting before dinner the following gentlemen 
were elected to membership. 
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Frank A. Andrews, Asst. Supt. Nashua, N. H. Henry W. Ayers, Chief 
Engineer Water Works. Hartford, Conn. Ezra Clark, Prest. and Supt. 
Water Works, Hartford, Conn. J. C. How Jr., Supt. Bath, Me. 


After dinner the following paper was presented and discussed. 








THE ODOR AND COLOR OF SURFACE WATERS. 
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(Professor of Analytical Chemistry in the Mass. Institute of Technology and Chem- 
ist in charge of Water Analysis for the Mass. State Board of Health.) 








A paper read before the New England Water Works Association at the 
meeting in Boston Dec. 14, 1887. 











lt may be said, in a general way, that river, lake, and pond waters have 
more or less odor and color and contain generally some solid suspended 
matter. It is not often, except in mountainous regions, that we meet 
with clear, colorless, and odorless surface waters. 

By the association of these characters of odor and color I do not intend 
to suggest that there is any intimate or uniform relation between them. 
Indeed, one may say that the odor gives very little suggestion as to the 
color, and that the color will not enable us to predict the odor. The sub- 

Es jects are, nevertheless, conveniently treated together as they are characters 
fe which appeal to the senses of the ordinary observer, and can be deter- 
mined without the use of special apparatus and reagents. Any one with a 
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good eye for color and a good nose for odor can correctly characterize a 
water in these regards, and can draw important conclusions as to the 
origin and nature of the water. 


I. ODOR OF SURFACE WATERS, 





What we call the odor of a solid or liquid is the effect produced on the 
nerves of smell of the gaseous emanations from the solid or liquid. If 
this gas or vapor is given off freely, or is particularly intense in its nature, 
we say the odor is strong or decided. If, on the other hand, the vapor is 
feeble in its action on the nerves of smell, or is minute in quantity, we say 
the odor is faint or insignificant. In determining the odor of a water we 
must distinguish between the odor which is ready formed and that which 
the water is capable of developing. By odor ready formed I mean the 
gases which are dissolved in the water and which can be driven off 
when the liquid is heated or violently shaken with air; and by the odor 
which the water is capable of developing I mean the gases which may be 
generated by chemical or other changes in the matters which are held in 
suspension or in solution. 

In a water containing but a small amount of odorous gas, which is given 
off very slowly at ordinary temperatures, one would fail to detect any 
odor by smelling a small quantity of the water contained in an open ves- 
sel as a dish or tumbler. But if the gas is liberated in a confined space, 
it may be then recognized without difficulty. 

My practice in determining the odor of a water is as follows:—A glass- 
stopped bottle of about a gallon capacity, when about half full of the 
water, is shaken violently for a few seconds, the stopper removed, and the 
nose quickly inserted into the neck of the bottle. For this purpose the f 
bottle must have a very wide mouth; it is useless to attempt to get the 
odor by placing the nose at the mouth of anarrow-necked bottle, unless, in- 
deed, the odor is very strong. The foaming of the water caused by the 
violent shaking with the air in the bottle, liberates some of the dissolved 
gases, which communicate their odor, if they have any, to the enclosed air 
in the bottle. Many waters which would ordinarily be classed as odorless 
give, when treated in this way, distinct odors, and the odors of those 
waters which are faint under ordinary conditions are very much intensi- 
fied by this treatment. 2 

In using this method it must be borne in mind that the amount of gas 
which can be liberated in this way is generally very small, and may be ex- 
hausted in one or two shakings. The odor is always stronger after the 
first shaking, and often becomes imperceptible after repeated trials. 

The odor thus obtained is from the dissolved gases which are the re- 
sult of changes which solid matters of some kind have previously under- 
gone. Now, if the water in which the odorous gases were contained was 
free from dissolved or suspended matters it would remain odorless when 
once these gasés were driven out. But such a condition of affairs rarely 
exists in surface waters; they generally contain both dissolved and sus- 
pended organic matters which change more or less rapidly and develop, as 

the result of this change, fresh quantities of gas. Hence, after the odor of 

a water has been exhausted by shaking, it may be detected again, after the 
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lapse of some hours by the same operation. Thus we distinguish, natu- 
rally, between the odorous gases which are present in a water and those 
which the water is capable of producing. 

We have a ready means of learning something about the nature of the 
dissolved and suspended matters by heating the water and noting the odor 
which is thereby developed. My practice in this regard is to pour into a 
beaker-glass, about 5 inches high, a sample of water so that it shall oc- 
cupy about one-third of its height. The beaker is covered with a watch- 
glass and placed on an iron plate, which has been previously heated, so that 
the water shall quickly come to a boil. When the water is in incipient eb- 
ullition—not actually boiling—the beaker is removed from the iron plate 
and allowed to stand until it is cool enough to permit of being smelled 
without burning the face by the steam. The water in the beaker is then 
shaken, the watch-glass taken off, and the nose at once put into the 
beaker. The odor, under these conditions, is generally only perceptible 
for a second or two. The odors which we note under these conditions are 
sometimes the same as those noted in the cold, and sometimes they are 
very different. We must expect the dissolved gases to be driven out of 
the water on heating even more perfectly than they are by shaking, and 
we might anticipate, therefore, that the odor obtained on heating would 
be the original odor intensified. This is sometimes the case, but ordin- 
arily this odor is less pronounced, because the quantity of water on which 
we operate is very much less than when we get the odor from the bottle. 
If we should experiment on the same bulk of water in both cases the re- 
sult might be more instructive, but for many reasons this is scarcely feas- 
ible in every day working in the laboratory. 

But the most interesting feature of the examination of the hot water is 
the development of an entirely new odor, and one which could not have 
been expected from the odor of the water when cold. Now the source. of 
this “hot odor’? when different from the ‘‘cold odor,’’ must be in the dis- 
solved or suspended organic matter, and from the character and intensity 
of this odor we may draw some conclusions as to the nature of this organic 
matter. 

An example or two will make the foregoing clearer. The odor of the 
Sudbury and Cochituate supply of Boston, as drawn from a tap, is, at 
present, very slight, or even imperceptible if one smells of the water ina 
tumbler. But when shaken in a bottle, as already described, it gives the 
characteristic odor which has been the subject of so much comment and 
investigation in past years. When the water is heated in a covered 
beaker this odor is much increased in intensity and remains even when the 
water is concentrated to half its bulk by boiling. If, however, the water, 
which contains considerable fine suspended matter, is carefully filtered, 
no odor (or at most a very slight odor) is developed on heating. Here it is 
evident that the source of the intensified odor was in the suspended mat- 
ter, for on no other supposition can we account for the fact that no odor 
was developed after filtration. If the suspended matter is precipitated by 
alumina the action is still more striking, for we then have a clear, color- 
less, odorless, supernatant liquid and a precipitate which gives the original 
odor on heating. Jamaica Pond water has at present a distinctly straw- 
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like odor at ordinary temperatures, and a strong grassy and hay-like odor 
when heated. When the water is filtered and then heated this grassy odor 
is entirely absent. On inspection the water is noticed to be decidedly tur- 
bid from fine white suspended matter. It seems, therefore, fair to conclude 
that it is this fine suspended matter which gives the grassy odor on heating. 
The waters of other ponds which have been investigated in this way, that 
is by heating the water both as it comes from the pond and after filtration, 
have given similar results. The effect of heat on the suspended matter 
in the unfiltered water may be to vaporize some of their more volatile con- 
stituents, perhaps of the nature of essential oils. The odors of this class 
of waters when heated are peculiar, generally unpleasant, but they do not 
suggest decay. 

When we attempt to describe by name the odors we meet in surface 
waters we find the task is not altogether an easy une. It is often impossi- 
ble to get two or more persons to agree as to the precise nature or name 
of an odor. In this respect I do not know that a chemist is any more 
qualified to speak with authority than any one who has a good olfactory 
organ. Still, with the experience derived from the examination of more 
than a thousand waters I have ventured to suggest a series of terms which 
can be fairly called, I think, characteristic. of surface waters by reason of 
their constant recurrence. These are:—“‘earthy,”’ ‘‘straw-like,’’ ‘‘mouldy,”’ 
‘*wooden,” ‘‘musty,’’ ‘disagreeable’ and ‘“‘offensive.’’ Odors which do 
not come under any of these heads may be specially characterized or in- 
cluded under the general term “peculiar.” 

These odors are all famliar ones, but perhaps the terms used may not 
convey thesame idea to all. ‘‘Earthy’’ is the odor of freshly turned soil, 
or of a moist hot-house; it often passes into ‘‘musty.” ‘Straw-like’’ is 
the odor of moist straw; I think no one could mistake it, or fail to recog- 
nize it; it is one of the most frequent odors met with in surface waters. 
““Mouldy” is the odor of moist straw which has begun to decompose; 
there is nothing disagreeable suggested by it; it is also somewhat allied 
to the earthy or loamy odor. ‘‘Mustiness’’ is advanced mouldiness 
and verges on the disagreeable. It is the odor of damp, closed vaults. 
“Wooden” is the odor of tubs with hot water; it suggests wash-day. 
‘Disagreeable”’ is a more difficult term to explain, first because it is 
not easy to get agreement among different observers on this point, 
and secondly because under it we include two classes of odors, namely 
those of growth and those of decay. Some aquatic plants and low animal 
organisms give off mal-odorous matters as the product of their normal 
growth, and all organisms are more or less mal-odorous in the process of 
decay. Now it sometimes happens that these two odors cannot be sharply 
distinguished from one another; they are. both unpleasant odors. So in 
the absence of finer discrimination of odors, or the positive identification 
of the noxious plants or animals there seems to be no other way than to 
include them under the head of ‘‘disagreeable.’’ It is of interest to note 
in this connection that river waters rarely give, either cold or hot, these 
‘disagreeable’ odors. They are generally confined to the waters of 
lakes, ponds, and reservoirs which have abundant vegetation and but little 
motion. River waters, even those of considerable organic impurity give 
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“straw-like” and “mouldy” odors, but the unpleasant, fishy, oily, and 
rotting odors are, as far as my experience goes, generally absent. ‘‘Offen- 
sive’ is a term sufficiently characteristic, it is more than disagreeable and 
may be reserved for waters undergoing putrefactive change, or for those 
which contain considerable sewage. Of the odors of the waters at ordin- 
ary temperature the most frequently recurring are “‘straw-like’’ and 
“mouldy”’ and ‘‘disagreeable.”’ When heated, the ‘“‘wooden,” ‘‘earthy,”’ 
and “‘musty”’ odors are apt to be developed. 

To express degrees of intensity of odor I amin the habit of using the 
qnalifying terms:—‘‘very faint,’ ‘‘faint,’’ ‘distinct,’ ‘‘decided,”’ and 
“strong.” A good deal of personal equation comes in here. What is 
“faint’’ to one is ‘distinct’ to another and ‘“‘very faint’? to a third. Still 
there seems to be need for some degrees of comparison of intensity of 
odors and, at all events, the use of any set of terms by the same observer 
will give comparable results. 

The origin of the odors of surface waters, when uneontaminated with 
sewage or other drainage, is clearly referrable to the vegetable and peaty 
matters of the soil over and through which it flows, and to the vegetable 
or other growths in the water itself. 

If we take autumn leaves direct from the trees, so that they can have no 
possible contamination with earthy matters, clean them, and soak them 
in water, we give to the water an odor like tea, also a somewhat sweetish 
odor like syrup. This odor is often quite permanent both cold and hot. 
After this first odor is extracted from the leaf, subsequent treatments 
with water extract less and less odor. 

When fresh mould or peat, (which is formed by the decay of leaves year 
after year, and contains in addition to matter of vegetable origin the re- 
mains of animal life, jis treated with water, it gives to the water at first a 
strong mouldy odor, which, however, is seldom disagreeable. Repeated 
treatments of this peat with water give, as in the case of leaves, solu- 
tions of gradually decreasing odor. 

Although we may not in this way be able to imitate precisely the odors 
which we get in natural waters, yet we can come very near to them, cer- 
tainly near enough to draw conclusions as to many of characters of these 
waters. The length of contact of the water with a peaty soil, the rate of 
flow of the stream, the character of the drainage area, whether wooded 
or barren, uncultivated, or in crops, may be mentioned as conditions 
which have a marked influence on the odor of the water as well as on the 
color. 

The investigation of the odors produced by vegetable growth in water 
is a subject for the botanist. To what extent these odors are the result of 
the normal growth of specific plants, or to the result of their disintegration 
and decay or of decomposition of vegetable matter in general I do not 
care to express an opinion. The systematic examination now being car- 
ried on by the Mass. State Board of Health into the nature of the water 
supplies of the State, and the record which has already made for more 
than six months of the odors and composition of these waters, will un- 
doubtedly prove useful to the botanist who in the future will undertake 
the study of this important subject. 
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Il, THE COLOR OF SURFACE WATERS. 





When one looks at the large number of samples of water on hand at any 
one time in the laboratory of the Mass. State Board of Health, which are 
all from regular sources of supply from different parts of the State, he 
cannot fail to be impressed, I think, with the fact that comparatively few 
of them are colorless. The greater part of them are more or less yellowish- 
brown. Ground waters are, or should be, quite colorless, but river, lake, 
pond, and brook waters are, as has been already said, very generally 
colored and more or less turbid, and have more or less floculent sediment. 

The origin of this color is to be sought, as in the case of the odor, in 
vegetable and peaty matter. We can imitate it in the laboratory very closely 
by treating leaves and peat with water, as is seen in the examples before 
you. (Samples of water colored by leaves and peat, also samples of river 
waters were exhibited.) The waters vary much in color from different 
localities and in different seasons of the year, but the character and tone 
of the color is generally the same—a yellowish-brown. Perhaps somewhat 
more yellow from new vegetable matter, more brown from older vegetable 
matter and from peat. 

It is a matter of great importance to be able to express on some definite 
scale the intensity of this color, for the purpose of comparison of different 
waters and for the comparison of the same water at different seasons and 
under different conditions. The scale which 1 have adopted is that formed 
with varying amounts of ammonia with the Nessler reagent. -It is doubt- 
less known to most of the members of this Association that the free and 
albuminoid ammonia obtained in water analysis is estimated by the color 
produced by adding the Nessler reagent to the distillate obtained on boil- 
ing the water. The intensity of the color is proportionate to the amount 
of ammonia present, and if we compare the colors thus produced with 
others obtained by the use of known amounts of ammonia we arrive 
directly at an accurate determination of the ammonia in the water. 

Now this color is very nearly the same as the color in natural surface 
waters, and can be used as a scale for recording these colors. There are 
cases, notably in the deeply colored waters, where difficulty is met in 
matching the colors with Nesslerized ammonia, but this difficulty can 
generally be obviated by using a less depth of the water, or by diluting it 
with a colorless water. The comparison is made in Nessler tubes pre- 
cisely in the same way as the colors are matched in the ordinary analysis. 
The Nessler tubes that I use are about three quarters inch in diameter 
and twelve inches long, and the water has height of 9 inches in the tube. 
The numerical scale that I use is as follows :—Color No. 1 is that produced 
by Nesslerizing one cubic centimetre of the standard ammonium chloride 
solution which contains 0.00001 gram of ammonia. Color No. 2 is that 
produced by two cubic centimetres of this solution, and color 0.1 is that 
produced by one-tenth of a cubic centimetre. In the bottles before you 
are several examples ot colors which have been thus determined, but it 
must be said that one cannot judge accurately of a color by looking at it 
in large mass in a bottle. Accurate measurement is best made in the 
tubes just described. 
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I cannot give an example of any river or lake water as a permanent stan- 
dard of color, since all surface waters vary from time to time, but the fol- 
lowing examples may serve to illustrate the range of variation in well 
known waters. The Sudbury and Cochituate supply of Boston, as it flows 
from the tap in the Institute of Technology has only varied from 0.5 in 
August to 0.25 in October. Lake Cochituate has not been higher than 0.3 
since last May, but Farm Pond and Beaver Dam Brook have been as high 
as |. in this time, and Basin No. 3, Southboro, as high as 1.3, and Basin No. 
2 as high as 1.5. Merrimack river at Lowell and Lawrence has varied from 
2 to .7 the higher number being observed in November. Taunton River 
is more highly colored. From July to November its color has varied from 
1.1 to 1.8. Brockton’s supply from Salisbury Brook is tolerably constant 
at 1. the range being 9.8 to 1.2. New Bedford water is also uniformly high 
colored. In July it was 2.2, since which time it has decreased, the record 
for the last three months being constant at 1.2. 

Filtering through paper except in cases of extreme turbidity, does not 
often affect the color, and I am accustomed to determine the color in 
the water as it is collected. 

The convenience to the chemist of this system of measuring colors in 
natural waters is very great, since the materials for matching the colors are 
always at hand, and, when many water analyses are being made, the stan- 
dards for comparisons are necessarily prepared for the determination of 
the ammonia and can be at the same time used for the color determina- 
tions. 

In this measurement of the color of surface waters it is well to bear in 
mind that we are dealing often with colors of considerable intensity, and 
that it would be out of the question to measure the color in greater depth 
than a few inches. Now this is a very different matter from measuring 
the color of waters in two-foot tubes, as is done in the ‘“‘color metre.”’ 
This apparatus, now regularly used by the chemists in charge of the ex- 
amination of the London Water Supply records the amount of brown and 
the amount of blue in the water as seen through a depth of 2 feet. It is 
obvious that a method of this character could only be employed on 
waters which would ordinarily be called colorless. A water having a 
color of more than 0.3 on the scale which I use is nearly opaque when ob- 
served in a depth of two feet. 

Ihave not made out any definite connection between the character or 
intensity of the odor of a water and the amount of its organic contents. 
But in the case of the color of the water this connection is very close and 
we can predict in a general way from the color what the analyses of the 
water will show. 
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The relation between the intensity of color and the amount of albumi- 
noid ammonia may be seen in the following analyses of river, brook and 
lake waters. 


Alb. Ammonia 
Source. Parts in 100,000 


Basset Brook 
Reservoir, 
So. Adams. 


Dry Brook 
Reservoir, 
So. Adams. 


! 
Sudbury and ) 
4 
. 
} 


-0040 to .0064 
-0100 to .0165 


—- 
ppl -0167 to .0248 

Paks PP el 

Reservoir. 


.2 to .75 -0147 to .6209 
at Lowell. 


Taanton 
River 


1.1 to 1.8 -0251 to .0357 
Dunbar’s B’ dg 


~~. } 1.2 to 2.2 0242 to .0360 

It is not to be expected that the same color, in waters of different origin, 
will be accompanied by the same amount of albuminoid ammonia, 
neither is a close correspondence to be expected in water from the same 
source at diflerent periods of the year. Further, the subject is complica- 
ted by the amount of suspended matter or sediment in the water, which 
contributes largely to the albuminoid ammonia, and does not contribute 
to the color, which is due to organic matter in solution. 

A good instance in point is the water of Jamacia Pond which in June, 
with no color, gave .0618, and in October .0263 albuminoid ammonia, In 
both these cases there was considerable light white suspended matter, 
and notably more in June than in October. If this vegetable matter had 
been filtered out the result would doubtless have been that the albumi- 
noid ammonia would have been low, as is generally the case in color- 
less waters. 

An experiment made on some fresh Autumn leaves furnishes interesting 
data on the correspondence of color and albuminoid ammonia. Leaves, 
freshly gathered, were treated with pure water until it had acquired a 
color of 0.8. This on examination was found to have 0.0494 parts of albu- 
minoid ammonia. A subsequent infusion of these leaves, having the 
same color, namely 0.8, contained only .0178 parts. Old leaves which had 
been repeatedly treated with water and were more or less disintegrated 
gave, with a color, of 0.9 only .0072 albuminoid ammonia. This indicates 
a ready solubility of the nitrogenous matter of fresh leaves. It was noted 
that the color of the first infusion of the leaves was rather more yellow 
than that obtained from older leaves. 














NEW ENGLAND WATFR WORKS ASSOCIATION. 11 


The influence of different kinds of leaves is shown in the following 
experiments. A fragment of an elm leaf about the size of a 5-cent piece 
and weighing 9 milligrams = (.015 of a grain) was put into absolutely pure 
water and the free and albuminoid ammonia which it was capable of de- 
veloping determined. The results were 0.000008 grams free ammonia and 
0.00036 of albuminoid ammonia. If this amount of ammonia had been 
obtained from a litre of water we would express it in parts per 100,000 as 
-0008 of free ammonia and .0036 of albuminoid ammonia. A complete elm 
leaf of average size would give to a litre of water 20 times this amount of 
ammonia. A rough calculation based on these figures indicates that one 
pound of fresh leaves could communicate to 2000 gallons of water an 
amount of albuminoid ammonia equal to .0150 parts in 100,000. A fur- 
ther experiment with a maple leaf gave somewhat less free and albumi- 
noid ammonia and an oak leaf decidely less albuminoid ammonia in com- 
parison with the elm, in the proportion of 36 in the case of the elm to 
25 in the case of the oak. Maple leaves color water more intensely 
than either oak or elm. In the bottle before you are 3 leaves, a maple, 
an elm, an oak leaf each weighing about 170 milligrams (2.6 grains) which 
were put into 4 liters of distilled water on Deccember 7. The color to- 
day, December 14, is 0.3. 

Peat is largely vegetable and mineral matter with more or less of the 
products of animal life. It gives te water a decidedly brown tint and 
also considerable nitrogenous matter which appears in analyses as 
albuminoid ammonia. From old peat the amount of albuminoid ammo- 
nia is very much less for the same depth of color than in the case of 
leaves. This might be expected from what has already been said that the 
infusion of fresh leaves gives much more albuminoid ammonia than that 
made with old leaves. In peat solution there is generally also some free 
ammonia, doubtless, from the animal matters present. 

The relation between color and albuminoid ammonia is, moreover, strik- 
ingly shown by the direct experiment of removing the color. This we can 
readily do by hydrate of alumina. This substance has a great affimity for 
coloring matters and is usedin the the arts to precipitate various colors 
from solutions in making lakes. A very small quantity only is neccessary for 
this purpose. Thus if we agitate say a quart of dark colored water with 
an amount of hydrate of alumina which would compound to 6 grains of 
alum the alumina will settle to the bottom with all the coloring mat- 
ter and leave the water perfectly colorless. This is much more than 
is absolutely necessary for the purpose, but in laboratory experiments an 
excess is desirable. If now we determine the amount of albuminoid 
ammonia both in the original and clarified waters, we learn how much 
has been removed with the color. 

Following are a few examples of determinations of this character. A 
water with a color of 1.2, contained .0296 parts per 100,000 of albuminoid 
ammonia. After decolorization with alumina it had only .0048 parts, a 
removal of 84 per cent. of the total amount. Water from the same source 
at another time with a color of 0.9 and albuminoid ammonia .0256 parts, 
had 88 per cent. removed by treating with alumina. 
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The effect of this treatment with hydrate of alumina on artificially pre- 
pared solutions of leaves and peat (seen in the bottles before you) is 
shown in the following determinations. 














Albuminoid Per cent. of 
ammonia after albuminoid 
Albuminoid decvlorizing with ammonia 







Color. ammonia. alumina. removed. 
Peat solution, 2. -0516 0136 73.7 
Fresh leaf solution, 0.8 0494 0100 79.8 
2d extract of same leaves, 0.8 -0174 .0036 79.3 






had been repeatedly ex- 


Solution of old leaves which 
0.9 -0072 -0018 75.0 
tracted with water. : 





This residual albuminoid ammonia represent, I think, the soluble 
nitrogenous maters which were not associated with color; but more 
investigation is needed before I can speak definitely on this point. 

In this connection an experiment on a solution of animal matters with- 
out any of vegetable origin, may be mentioned. ‘This solution, which was 
colorless, gave 0.3240 albuminoid ammonia, and after treating with 
alumina the same amount was obtained, Showing that the alumina was 
without effect on the colorless, animal nitrogenous matter. Experiments 
on sewage treated with alumina show generally a small deorease of 
nitrogenous matters. In two instances in which the sewage had been 
previously filtered thiough paper, alumina removed only 33 and 38 per 
cent. Another instance, showing the combined influence of color and 
suspended matter is interesting. A water containing a considerable quantity 
of suspended greenish vegetable matter, with color, when filtered, of 0.1, 
gave V.1920 albuminoid ammonia; after treatment with alumina it gave 
-0072 parts a decrease of 96 per cent. But filtering through paper 
only, which removed the greenish suspended matter, reduced the albumi- 
noid ammonia to .0252, a decrease of 87 per cent. irrespective of the 
soluble coloring matters. Thus the effect of the alumina alone may be 
calculated to be the removal of 71 per cent. of the nitrogenous mattors left 
in solution after filtering through paper. The action of alumina, it must 
be remembered, is not only to remove the coloring matter but it carries 
down with it also all the suspended matter. 

Most surface waters contain more or less suspended matters, and the 
lighter portions are carried through the supply pipes to the consumer. 
When the water is analyzed it may make a very considerable difference in 
the determination of the albuminoid ammonia whether or not this sus- 
pended matter is previously removed by filtration or by settling. This 
suspended matter is often light vegetable substance and contributes 
materially to the amount of albuminoid ammonia. Insome seasons of the 
year this vegetable suspended matter may be more abundant than in others, 
and the turbidity after the heavy rains will likewise have an influence on its 
composition. A comparison of results of the analyses of the water fil- 
tered and unfiltered will show the influence of this suspended matter. In 
analyzing a water ought this suspended matter be included or ought it 
be filtered out, so that the analysis may show only what is in solution in 
the water? It seems to me thatthe proper answer to this question is that 
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the suspended matter should be included when it is light and*settles with 
difficulty, for in such case it is actually consumed with the water. 
Whether the effect of suspended organic matter is the same as dis- 
solved organic matter it is hard to say, but I think the chemist should in- 
clude it in his analysis, when the consumer includes it in the water he 
drinks. It is not the purpose of this paper to deal with this subject of 
filtration of surface waters but it may be said, in passing, that the ordinary 
household filter can give us water free from sediment, and where char- 
coal is used the water may be at the same time more or less decolorized. 
The action of alumina in removing color is probably very different from 
charcoal; it is certainly very much more effective in removing the color 
form water. Ordinary clay is also efficient in this respect. In fact there 
are very few soils which will not, even in thin layers remove the brown 
color from waters. Pure quartz sand is almost without effect, as is also 
pure amorphous silica, but the admixture of a small amount of fine 
clayey or loamy earth with the silica will give it the power to remove 
color, and with the color goes the albuminoid ammonia which was associa- 
ted with it. 

The ideal drinking water, as far as appearance goes, is certainly the clear, 
colorless, coo!, sparkling water which flows from the hillside or is drawn 
from the deep well. And yet many of the brown waters, unattractive as 
they may be in appearance, are characterized by their stability and freedom 
from animal contamination, The chemical evidence of the putrefactive 
change of nitrogenous organic matter is the appearance of free ammonia in 
the water. Notwithstanding the fact that the brown waters all contain 
considerable nitrogenous vegetable matter in solution, they seldom, when 
uncontaminated with animal refuse, show much free ammonia. Even 
when kept in bottles, more or less exposed to the air, for a month or more 
they show bnt little tendency to change. 

A few examples will illustrate this. A number of dark colored waters 
were preserved in glass stopped bottles, with occasional exposure to the air, 
and at intevals of a few weeks they were examined for free and albumnoid 
ammonia. 
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free ammonia. This may be in some cases directly referred to sewage or man- 

ufacturing refuse. It is also not impossible that some highly nitrogenous veg- 
etable growths are susceptible of putrefactive change with development of 
free ammonia. This is a matter for the combined investigation of the 
botanist and chemist. Still, it may be accepted as a fact well established, 
that a water may have a decidedly high color and high albuminoid ammo- 
nia, of purely vegetable origin, which is of great permanence, that is to say, 
which has little or no inclination to undergo putrefactive change. 

In comparing waters with regard to contents of albuminoid ammonia it is 
always necessary to take into consideration this question of color. If, for 
instance, a water of color of i.0 has .0250 parts of albuminoid ammonia it 
need not excite suspicion. If, however, a colorless water has .0250 or more 
parts of albuminoid ammonia, it is sufficient cause for rejection of the 
water if no sufficient explanation is at hand. 

He would be a rash man who would under any circumstances try to es- 
tablish a rigid standard of purity for drinking water, based on chemical 
analysis alone; but in any case it is obviously impossible to have the same 
standard for both colored surface waters and colorless filtered and ground 
waters. The more we study water by chemical processes the more, Iam 
convinced, of the real service that chemistry can render the troublesome 
question of the availability of a water for drinking purposes. But the water 
must be studied in the field as well asin the laboratory and the results of 
both investigations must accord if the conclusions are to have any value. 

In conclusion, I wish to acknowledge my indebtedness to Mrs. R. H. Rich- 
ards, the Instructor in Sanitary Chemistry in the Mass. Institute of Tech- 
nology and my associate in the water work of the State Board of Health, 
for much valuable assistance in the preparation of this paper. 


DISCUSSION. 





Mr. Hawes. From how many different localities in the State have you 
received samples? 

Prof. Drown. I shall have to refer you to Mr. Stearns for information 
on that point; he has charge of the collection of the waters. 

Mr. Hawes. Have you any tabulated statement showing the purity and 
impurity of the water in different parts of the State? 

Prof. Drown. All the results are in the possession of the State Board 
of Health. 

Mr. Hawes. In making out your tables, do you state what waters you 
would consider injurious for people to drink? 

Prof. Drown. I am very careful not todo so. (Laughter.) 

Mr. Hawes. What, then, is going to be the practical result of your in- 
vestigation? 

Prof. Drown. The results of chemical analysis of waters will not 
always enable us to say positively whether a water is wholesome or in- 
jurious. In interpreting the meaning of chemical results we must take 
into consideration the source and location of the water supply. 

Mr. Hawes. Weare trying to get at something practical, Mr. Stearns, 
and what do you think of all this? You have been around and shaken us 
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up once in a while, and now we would like to hear what you have to say 
for yourself. (Laughter.) 

Mr. Stearns. I acknowledge that!I have tried to shake you up a little, 
but I am glad to be able to say that the members of this Association have 
responded very kindly, as a general thing. I take this opportunity to 
thank you, for Ihave no doubt you have been put to a good deal of 
trouble. I would say that we are receiving about 225 samples a month 
from about 130 different places. Not all of them are from water supplies; 
some of them are from rivers. The question has been asked what results 
we are going to get. A great many of the results so far may have been 
mainly scientific, but I think they will teach us a great deal, though very 
little is known at present. I think a great many practical things will be 
brought out by this investigation. For example, we aie now taking sam- 
ples from a pond near afilter gallery; we are taking samples from a filter 
gallery, and comparing them with the water in an open reservoir; we are 
taking samples from a reservoir, and samples of the same water after it 
runs down a brook half a mile, with a fall, perhaps, of eighty feet; and we 
are taking samples of surface waters which have been stored in reservoirs, 
both at the source and at the reservoir. These are analyzed by our chem- 
ist, examined for alge and other growths by our microscopist, and by our 
biologist who looks after the bacteria. I think we shall be able at some 
time, though we can not do it now, to give you important results. 

Mr. Hawes. The scientific folks are getting the benefit of it now, but 
you think we common folks will by and by. (Laughter.) 

Mr. Stearns. Yes, and it won’t be very long before you do, either. 

Mr. Billings. I wish Mr. Stearns would tell us something about the 
case in Brookline. 

Mr. Stearns. Perhaps I can say a few words, although I donot know as 
I am fuly prepared to speak. There is a question coming up of great im- 
portance in regard to the ground waters, which are being used to a much 
greater extent in the State now than they were a few years ago. It has 
been customary to suppose that these waters came from the land side, be- 
cause the chemical analyses differed so much from the analyses of the 
waters in the ponds. I think we have reason in certain cases to say that 
the water comes very largely,—I will confine it to one supply, for that is 
the only one I have investigated thoroughly,—from the pond. But it is 
very much improved by coming into the filter gallery from the pond in 
that way, and has in almost all respects the characteristics of ground wa- 
ter from the land side. I should not wish to be interpreted as saying I 
think it is safe to put a well beside a filthy stream, for I do not believe we 
know enough about it yet to say that. We have also reached a point, ] 
think, where we know quite clearly that ground waters should not be stored 
in an open reservoir. We find from our examinations that when that is 
done the chemical analysis changes materially, and the amount of album- 
noid ammonia comes up to from seven times to ten times its original 
amount in many cases. ; The amount of free ammonia increases very much 
and the amount of nitrates, which are supposed of themselves to be harm- 
less decreases. That appears to be the result of vegetation. These 
ground waters furnish a luxuriant field for the growth of different kinds 











eee ee a oo. ae! 


elit 








NEW ENGLAND WATER WORKS ASSOCIATION. 17 
of vegetation, and from several of such supplies in the State great com- 
plaint is made of the water from these open reservoirs. When the water 
is pumped direct to the consumers it is all right, but on Sundays, when it 
is not pumped, but comes from the reservoirs, especially in the summer 
time, it is not right, and there is great complaint about it. That has been 
soina number of cases, and I suppose I might mention particularly 
Brookline. This change in the chémical analysis seems to be due to the 
growth of alge, and to other similar growths, and their decomposition in 
the water of the reservoir. 

The remedy appears to be to exclude light, and then the alge will not 
grow. That has been tried at Brookline, where an iron tank has been 
constructed, which was formerly open, and gave a ood deal of trouble. 
Our biologist found lots of things with long names in the water, I won’t 
tell you what they were; but since they have covered it up they have not 
had any more trouble. I now understand that they are proposing to build 
a covered reservoir to take the place of their open one. I think this is a 
matter worthy the attention of engineers, and I think if they look into it 
the result will be they will not build any more open reservoirs for ground 
water. 

A Member. Do you refer to water taken from a stream on the ground, 
or from a driven well? 

Mr. Stearns. Froma driven well, a dug well or a filter gallery, with 
this exception, that I should not call a conduit or a drain, built under the 
shore of a pond into which the water filters through several feet of gravel, 
a filter gallery. There are some of these in the State, and they do not 
get a great purification of the water, as arule. There is one case I recall 
where the water seems to have improved, but in the other cases no im- 
provement is shown. This is merely a very brief outline of the direction in 
which our examinations are going to give some practieal results. We are 
getting together the facts from the Superintendents themselves. Gener- 
ally they have been very ready to give us all the facts, although I think 
possibly in some cases they have not been inclined to tell us. I think it is 
of great advantage to have samples from so many sources, and thus to be 
able to compare the results. Sometimes we find that saraples from two 
or three similar sources show certain growths, and it looks as though 
some general rule had been discovered. And then we find on comparing 
others, as for instance samples from open reservoirs of different ground 
water supplies, that the growths are different; so it seems to be an acci- 
dent, as you might say, that in one case we find a growth of a certain kind 
gives the most trouble, and in another a growth of another kind. So it 
seems as though it were an accident, as I say, just as one field will have 
thistles in it, and another daisies, and another buttercups. Still, we can 
find a good many general laws by comparing these different things. 

In answer to a question of Mr. Billings: What are the operations to 
which a water is subjected in the process of analysis, and what 1s the sig- 
nificance of the various determinations? 

Prof. Drown said, I may not be able to make myself clearly understood in 
describing purely chemica! processes to those unfamiliar with the subject, 
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but I can, perhaps, in a very general way give an idea of what goes on ina 
laboratory for water analysis. 

The first operation is to determine the free and the albuminoid ammonia 
before the organic matter in the water has had time to undergochange. As 
a rule the samples collected by the State Board of Health are in the labora- 
tory the day after they are collected. In the localities near Boston, the 
samples are not unfrequently examined the same day they are taken. 

I cannot go into great detail in describing the process, nor give the neces- 
sary precautions to be used; suffice it to say that 509 cubic centimeters 
(about a pint) of the water is poured into a glass flask or retort and boiled. 
The steam is condensed and the resulting water is tested with Nessler 
reagent for ammonia. This gives the ‘‘free ammonia” Into the same 
flask, in which remains about 350 c. c. of the water, is poured 30 to 50 c. e¢. 
of a solution of permanganate of potash and caustic potash, and this mix- 
ture is boiled and the steam condensed as before. The water thus obtained 
is tested for ammonia and gives ‘‘albuminoid ammonia.” 

Another sample, say 100 c. c. in 200c. c. is evaporated to dryness in a 
platinum dish on a water bath and the solid residue weighed. This gives the 
“total solids.” The dish with its contents is then heated in a radiator to 
very low redness and all the organic matter burned off. It i» again weighed 
and the loss in weight we call ‘‘loss on ignition.” It was at ne time called 
“organic matter,” but it was found that the loss was not always due to or- 
ganic matter alone, but that it might be in part due to some volatile inor- 
ganic substances. This was the case when the platinum dish was heated by 
a free flame. The use of a radiator in the form of a platinum dish, consid- 
erably larger than the one containing the residue, reduces very much the 
probability of error arising from overheating. The difference between the 
weights of the total solid and loss on ignition gives us the ‘fixed solid.” 

The chlorine is usually determined by adding to a portion of the water a 
solution of nitrate of silver of known strength until all the chlorine is precip- 
itated. We have a ready means of telling when enough nitrate of silver is 
used by adding to the water to be tested a small quantity of a solution of 
chromate of potash, which gives a red color with nitrate of silver. This 
color does not appear until a slight excess of the nitrate has been used above 
what is necessary to precipitate all the chlorine present. Our practice in 
carrying out this process is to evaporate 250 c. c. of the water to 25. c. 
in a porcelain dish, and to determine the chlorine in this concentrated water 
in the same dish. The brown waters are first decolorized with hydrate of 
alumina. 

In the determination of the nitrogen in the form of nitrates and nitrites 
we use the process of Graudval and Lajoux, first published in 1885. This 
process consists in evaporating 10 c. c. (or less if the quantity of nitrates is 
large) to dryness in a small porcelain dish, moistening the residue witb a 
few drops of sulphophenic acid, and then adding water and ammonia to al- 
kaline reaction. Pierate of ammonia is formed if nitrates are present, and 
the amount can be determined by comparing the color with standards made 
from known amounts of nitrates of potash.’ In testing for nitrous acid, iu 
the form of nitrites, we use the well known reactiun with iodide of zinc and 
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starch; a blue color appears immediately if the amount of nitrites is large 
and after some hours if the amount is small. 

There are many other substances which we could determine in water, and 
there are other processes in use besides those ennumerated, but these give us 
a good idea of the character of a water. In the large majority of cases we 
have learned all we care to know when we have made these determinations. 

The significance of these determinations depends on the amount of the 
substances present and on their relation to one another. Almost all sur- 
face waters contain, in the state of solution or suspension, nitrogenous 
substances of vegetable or animal origin. In the process of oxidation or 
decomposition of these substances the nitrogen is converted into ammonia. 
The “free ammonia” is simply the product of this kind of change. In 
itself the ‘‘free ammonia” is perfectly harmless and the only reason why 
we regard it with suspicion is that it indicates that decomposition has 
already gone on in the water and may be still in progress. If the amount is 
large in a freshly taken sample it indicates that animal matter is most likely 
the source of the ammonia since animal nitrogenous substances decompose 
much more rapidly than vegetable mutters. We are justified in objecting to 
the use of water which contains animal refuse even though it be present in 
very small amount. Although we cannot say with certainty that it is of it- 
self injurious to health in minute quantity, yet it may be associated with 
the germs of specific diseases, and these germs we cannot detect by chemi- 
cal means. 

The albuminoid ammonia represents more or less completely, the amount 
of nitrogenous organic matter in the water which is capable of change. By 
the method already described we hasten the natural process of decomposi- 
tion, and determine the amount of nitrogen which might ultimately pass 
over into ammonia in the natural course of events, and we express this 
amount in terms of ammonia. Since albumen, when so treated, gives am- 
monia it is conveniently designated as ‘‘albuminoid ammonia.” Free am- 
monia represents the amount of change which has already taken place, 
“albuminoid ammonia” the amount of change of which the water is still 
capable by reason of its contents of nitrogenous matter. If left to itself, 
therefore, the albuminoid ammonia of a water, might, under favorable cir- 
cumstances, pass over entirely into ‘‘free ammonia.” 

In the paper which I have just read, I have shown that there may be 
considerable albumnoid ammonia in a water as the direct result of the con- 
tact of the water with leaves and other forms of vegetable matter which 
do not decompose easily in the natural course of events. We must not, 
therefore, too quickly conclude that high albuminoid ammonia in a sur- 
face water is objectionable from a sanitary point of view. This subject 
has been treated of so freely in the paper which I have just read that I 
need not dwell longer upon it now. 

Chlorine, generally in the form of chloride of sodium or common salt, 
is present in all waters. It may come from the ground or the rocks over 
and through which it flows, or it may come from the drainage of houses 
and cities. It is this latter origin, namely the drainage associated with 
animal refuse, that gives the determination of chlorine its significance in 
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water analysis. If a water contains high chlorine, or an amount above its 
usual and normal quantity, the question should at once be asked: ‘“‘Where 
does this chlorine come from?’ If it can be satisfactorily accounted fo" 
(as for instance, proximity to the sea or from percolation of the water 
through salt-bearing strata) without the necessity of looking to sewage as 
its cause, we may be satisfied. But water with high chlorine should be 
in other respects above suspicion. The nitrates or compound of nitric 
acid with alkalies or alkaline earths, represent the end result in nature’s 
process of purification of nitrogenous, more particularly, animal matter. 
Dead organic matter, containing carbon, hydrogen, and nitrogen becomes 
ultimately, under the influence of oxygen and low organisms. converted 
into carbonic acid, nitric acid and water. An intermediate stage, as has 
already been said, is characterized by the formation of ammonia, a 
compound of nitrogen and hydrogen. Nitrates as well as ammonia tell of 
nitrogen which was once a part of living, organized material. 

If the process of oxidation is complete we have nothing to fear; but in 
the case of any water we cannot from an analysis made to-day, which 
shows no unchanged organic matter remaining feel sure that, perhaps, to- 
morrow the change may be equally complete. High nitrites, therefore, 
should place a water under surveillance, that its composition, under vary- 
ing conditions of rainfall and drainage, may be well determined. In this 
connection it must be borne in mind that rain water always “contains con- 
siderable free ammonia derived from the washing out of the atmosphere, 
and that this may be in part the source of some of the nitrates in waters. 
And in passing, it may also be said that it is the ground waters—the shal- 
low and deep wells—which contain the most nitrates. The nitrification 
which is mainly due to bacteria and similar organisms goes on best in the 
porous ground through which the water filters. 

Nitrous acid, which combines with alkalies and alkaline earths to form 
nitrites, is an intermediate stage between ammonia and nitric acid. It 
may be present in waters in which the oxidizing processes are incomplete, 
or it may be the result of a retrograde process on the nitric acid already 
formed by the action of fresh organic matter. 

It is difficult to say how much importance we should attach to the pres- 
ence of nitrites in water, but it may perhaps be safe to say that it points 
to imperfect purification, or to present or recent contamination. Still, it 
is true that there may be in water, matters purely organic, which can re- 
duce nitric to nitrous acid, so that while the presence of nitrites in a 
water makes us feel more or less suspicious of its character yet they may 
have an origin which is not associated at all with organic matter. Fur- 
ther investigation in any particular case will generally give us satisfactory 
evidence of the source of the nitrites. 

The relation in waters between the amount of free and albuminoid am- 
monia, the chlorine, and nitrates and nitrites, and the loss on ignition 
form a most interesting and profitable study, but I cannot enter into it 
in this brief discussion, which I fear have already made too long. 

Mr. FitzGerald. It is very gratifying, Mr. President, that the Board of 
Health has already accomplished as much as it has. When Mr. Mills came 
before us and told us what it proposed to do, and we offered to do all we 
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could to advance it, I am sure I for one little realized so much would be 
accomplished as has been done. We can all see the benefit that must re- 
sult from such a systematic comparison of so many waters from the differ 
ent water supplies all over the State. There is one question I wish to 
ask in connection with this matter, and it is something that has bothered 
me not a little in the past. I would like to know if the different chemists 
have such similar ways of making their analyses so that in the first place, 
the analyses made at the present time are comparable among themselves, 
for instance, as to the amount of chlorine, albuminoid ammonia, free 
ammonia, etc.; and in the next place, I would like to know if the refine- 
ments of science in the last eight or ten years have made any material 
changes, so that in comparing an analysis of the present time with one 
made ten years ago, there would need to be any allowance made for im- 
proved processes. I have had occasion in the last two or three years to 
make a little study of the analyses on our water supply for ten or twelve 
years, and I should like to know how far I can trust certain profiles which 
are made showing certain changes, or whether I have got to make allow- 
ances for the analyses themselves, in other words, whether there have 
been material changes in the methods. 

Prof. Drown. To answer this question intelligently we must consider 
-the determinations separately. The process for free and albuminoid am- 
monia has not undergone essential change since it was first introduced by 
Wanklyn, Chapman, and Smith. The investigations of Mallett and Smart 
show that the process must be conducted with great uniformity if com- 
parable results are to be obtained. Thus, for instance, they have shown 
that the results are two low by reason of loss of ammoniaif the distillation 
is carried on too rapidly, or if the condensing water is not cold enongh. 
We have found in the course of our work that an enormous error is made 
in the determination of free ammonia if the water comes in contact with 
the hands in any way. If absolutely pure water is poured over the tip of 
a finger into the distilling flask it will show an amount of free ammonia 
which would justify one in declaring a water suspicious if not dangerous. 
This fact emphasizes the great care necessary in collecting samples of 
water for analysis. 

Still, I think it may be said that carefully conducted determinations of 
free and albuminoid ammonia to-day are fairly comparable with those 
made ten or fifteen years ago. The determination of the total solid-residue 
is now made as it always has been, except that some chemists heat the 
residue of evaporation to 212° F. and some to 230° F. In most waters this 
would not make much if any difference in the amount. But the “loss on 
ignition” is, I think, under more control when obtained by the method I 
use, namely, by heatingin a radiator instead of heating by a free flame 
held in the hand. The operation requires no attention on the part of the 
chemist, and his personal equation is entirely eliminated. The results ob- 
tained in this way are lower, as arule, than those obtained by the free 
flame and are more constant and uniform. The ‘“‘fixed solids’’ are obtained 
by taking the difference between the weight of the total solids and the 
loss on ignition, and vary, of course, with this loss. 
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Chlorine is now determined generally just as it has been for many 
years, and there ought not to be any lack of agreement or comparability 
in the determinations of this element. The brown waters, as I have said 
before, we decolorize with hydrate of alumina and the process is thereby 
much simplified and shortened, besides being made much more uniformly 
accurate. 

Hardness, too, is determined as it has uniformly been done since Clark 
introduced his drop process many years ago. 

In the determination of the nitrogen in the form of nitrates and nitrites 
there has been a decided advance. The process of Graudval and Larjoux 
has given us most satisfactory results. I should very much doubt whether 
the determinations of nitrates made ten or more years ago would Le com- 
parable with those obtained to-day. 

A Member, How many parts of free ammonia or albuminoid ammonia 
are necessary to condemn water, or, in other words, to enable us to say it 
will be detrimental to health? 

Prof. Drown. I do not think it possible to establish an absolute stand- 
ard of purity for all waters. Certainly one ought not to compare a brown 
water with a colorless water with respect to albuminoid ammonia. In the 
former we must expect the albuminoid ammonia to be high, but if it is 
high in the latter a sufficient explanation is called for, if itis to be passed as 
wholesome. High free ammonia is always a cause for suspicion, because 
it indicates recent change. Sewage is characterized by high free ammonia, 
and yet we must not jump to the conclusion in any particular case that 
high free ammonia necessarily implies sewage in a water. In a water ofa 
large river we need not be over anxious if we find, say .0020 to .0050 parts 
per 100,000 of free ammonia, but in a well water this amount would very 
properly make one anxious. In judging of the wholesomeness of a water 
we cannot arbitrarily separate the chemical composition from the topog- 
raphy of the water, if I may so express myself. We must know something 
of the source and progress of the water. 

And let me say in this connection that I do not know that any one can 
say that certainly that a minute amount of sewage in water would be in 
itself injurious to health. But if sewage is in water, even in the minutest 
amount, there may be in that water specific germs of disease which accom- 
pany the sewage, and which could of themselves reproduce the diseases in 
which they originated. The determination of germs of disease is utterly 
beyond the range of the chemist. 

The free ammonia resulting from putrefactive changes in the sewage is 
perfectly harmless, its significance is solely that there was originally 
something in the water which gave rise to this free ammonia, and this some- 
thing may have been animal or human refuse. If there is no sewage we 
can say, possibly, that there are no disease germs. Given sewage, and 
we can never say that there are not germs of disease init. The sewage 
proper would be taken care of by the natural processes of purification. 
But living germs may not undergo speedy change, and may retain their 
life long after the dead organic matter has passed over into the harmless 
form of nitrates. In the case of large rivers the dilution of the sewage is 
so great that the possibility of danger from living germs is really very 
small. . 
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Mr. Hawes. There is an impression that the deeper you go with driven 
wells the purer will be the water. I would like to ask if there is anything 
in that idea. 

Prof. Drown. The greater the depth of filtration, the greater are the 
chances of the purification of the water. 

Mr. Hawes. How deep ought you to go? 

Prof. Drown. Experiments with suitable soils have shown a complete 
purification, at the depth of five feet or less. But there comes in the 
question both of the rate of flow through the material, and the nature and 
condition of the filtering medium. Given a certain depth. say five feet, 
and certain conditions, a soil will purify a certain amount of sewage. 
Now, let us alter the conditions, and let us have that depth of soil thor- 
oughly water-soaked. We can conceive that the purifying influence of 
that soil might not be as great then as it would be under ordinary con- 
ditions, that is, if it was only moist and partially porous. ‘ 

Again it is possible to overtax the purifying power of a given amount of 
earth. Let us suppose that a certain depth of earth—5 feet—which has 
regularly given a pure effluent with ‘a certain amount of sewage has the 
amount of sewage passing through it increased twice or three times in 
quantity. The upper layers of the earth may, under such circumstances, 
become a mass of putrefying material and thus practically reduce the puri- 
fying portion to four feet or to three, or even two feet; an amount mani- 
festly too small to effect the conversion of the nitrogenous organic mat- 
ter into harmless carbonates and nitrates. The amount or depth of earth 
to effect purification of any water depends on conditions inherent in 
the earth itself and on the amount and character of the water to be 
pumped. 

Mr. FitzGerald. I should like to ask Dr. Drown his opinion as to 
fixed standards of purity for drinking waters. I hold in my hands a 
statement of the minimum limits of impurity which is to be permitted in 
polluting liquids from mines and factories which in England may flow in- 
to a stream used for domestic purposes, and would suggest that this be 
printed in connection with Dr. Drown’s answer to my question as to 
standards of purity for drinking waters. 

Prof. Drown. Much that I have said in the paper which I have 1ead 
and in the present discussion bears directly on this subject of standards 
of purity. I cannot help thinking that except in the case of the poisonous 
metals it is unwise to fix limits to the amount of the substances which or- 
dinarily occur in drinking water. I would hesitate to differ with such a 
distinguished authority as Frankland with regard to the actual figures 
which he gives as the result of his very extensive experience in the exam- 
ination of waters, but it seems to mea matter of much more importance 
that each water supply should be considered by itself, and that it should 
have its own standard of purity. For example: suppose a river water had 
been carefully analyzed month by month for years and its average com- 
position determined; and that it was known to be, under average condi- 
tions of rainfall, a uniformly good and wholesome drinking water. Now 
suppose during a long period of drought and low water the chemical com- 
position of the water should change for the worse, and that the general 
condition of the health of the community which used the water was low- 
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ered. If this relation between the chemical composition of the water and 
the health of the community was clearly made out, it would be fair and 
safe to set limits to some of the ingredients in the water—free and albumi- 
noid ammonia, for instance—and to say that when these substances ex- 
ceeded these limits the water became unsafe for use. But because this 
* water reached its danger line at a certain amount of free or albuminoid 
ammonia it would not be a fair deduction to say that another water which 
contained this amount was also unsafe. I think the facts would not uni- 
formly bear out such a conclusion. 

We are often in danger of overlooking the fact that organic carbon, or- 
ganic nitrogen, free ammonia, albuminoid ammonia, chlorine and nitrates 
are not objectionable or harmful in themselves. The value of the knowl- 
edge we get by these determinations is mainly what they tell us of the 
origin of the water and the nature of the changes it has undergone and is 
undergoing. The organic carbon, organic nitrogen and ammonia may 
have either a vegetable or animal origin, and if we know by actual in- 
vestigation of the source of a particular water that these substances 
have largely or entirely a vegetable origin, it is not reasonable to class such 
a water with one in which the same amount of these substances had an 
animal origin. Further, except in extreme and obvious cases { doubt 
whether any water should be rejected on chemical evidence alone, with- 
out a study of the source of the water and the possible sources of its 
contamination. It is very doubtful, I think, whether any standard of 
purity based on chemical determinations alone will enable one to say that 
on one side of the line is safety and on the other side danger. 

Mr. FitzGerald. That is exactly what I wished to bring out, and 1 will 
now offer the figures to which I have just referred. 

Professor Frankland, an eminent English authority has clearly defined a 
minimum limit, when, in his opinion, water contains sufficient mechanical 
or chemical impurities, in suspension or solution, to entitle it to be con- 
sidered bad, or a polluting liquid, viz: 

(a.) Every liquid which has not been submitted to precipitation, pro- 
duced by a perfect repose in reservoirs of sufficient dimensions during a 
period of at least six hours; or which, having been submitted to precipi- 
tation, contains in suspension more than one part by weight of dry organ- 
ic matter in 100,000 parts of liquid; or which not having been submitted to 
precipitation, contains in suspension more than 3 parts by weight of dry 
mineral matter, or 1 part by weight of dry organic matter, in 100,000 parts 
of liquid. 

(b.) Every liquid containing in solution more than 2 parts by weight of 
organic carbon or 0.3 parts of organic nitrogen in 100,000 parts of liquid. 

(c.) Every liquid which, when placed in a white porcelain vessel to the 
depth of one inch, exhibits under daylight a distinct color. 

(d.) Every liquid which contains in solution, in every 100,000 parts by 
weight, more than 2 parts of any metal, except calcium, magnesium, 
potassium, and sodium. 

(e.) Every liquid which in every 100,000 parts by weight contains in 
solution. suspension, chemical combination, or otherwise,-more than 0.05 
metallic arsenic. 
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(f.) Every liquid which, after the addition of sulphuric acid, contains 
in every 100,000 parts by weight more than 1 part free chlorine. 

(g.) Every liquid which, in every 100,000 parts by weight, contains 
more than 1 part of sulphur, in the state of sulphuretted hydrogen or of a 
soluble sulphuret. 

(h.) Every liquid having an acidity superior to that produced by adding 
2 parts by weight of hydrochloric acid to 1,000 parts of distilled water. 

(i.) Every liquid having a alkalinity greater than that produced by ad- 
ding 1 part by weight of caustic soda to 1,000 parts of distilled water. 

(j.) Every liquid exhibiting on its surface a film of petroleum or hy. 
drocarbon, or containing in suspension in 100,000 parts, more than 0.5 of 
such oils. 

Mr. Noyes. In reading over the analyses in the different reports by 
Prof. Drown, the question has often been raised in my mind what quanti- 
ties of the various elements are admissible in different waters. In the pa- 
per which the Professor has read to us he has answered to a very consid- 
erable extent my questionings,—that is, he has left me somewhat more in 
the dark than I was before. (Laughter.) But there is one point I think 
he has not touched on, or at least that he has not explained to the full ex- 
tent to which, if possible, I would like to have him explain, and that is in 
regard to hardness. He has adopted certain numbers as to hardness. 
Not to tax him too much, I would like to ask him what numbers would be 
considered hard water, and in what way they are graded. For instance, I 
have before me an analysis which shows 6.4 as the hardness, and I would 
ask whether that is a hard or a soft water, and what would be the number 
for a hard water. 

Prof. Drown. I would say in answer to that that we have made very 
few determinatoins of hardness. It is not included in our regular routine 
work. Our determinations of hardness of the waters of the state are very 
insignificant in number, and we cannot compare the waters in different 
parts of the state in that respect, except in some particular localities 
where it has been requested. Six may be called a moderately hard water. 
The figures expressing hardness signify, in parts per 100,000 the amount 
of carbonate of lime which would give the same amount of hardness. 

Mr. Stearns. Are parts per English gallons sometimes marked degrees? 

Prof. Drown. Yes, these are Clark’s degrees, and if you multiply parts 
per 100,000 by 0.7 you get Clark’s degrees, for the imperial gallon contains 
70,000 grains. 

Mr. Fuller. Mr. Stearns has spoken about reservoirs being covered, and 
has compared open reservoirs with covered reservoirs. I would like to 
ask for what part of the year those comparisons would probably apply. 
I suppose, of course, it would be mostly in the hot weather, but I would 
like to know whether they have results that will show for how many 
months in the year great advantage would be obtained from a covered 
reservoir. 

Mr. Stearns. I will say, Mr. President, that we have not gone into very 
cold weather yet but that the change in the chemical analyses, if that can 
be taken as a measure, is beginning to decrease now; it is not so great as 
it was in the summer. I presume from that fact that the vegetable 
growths are decreasing. 
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Mr. Harris. Does covering the galleries exclude all vegetable matter as 
well as the alge, or is there any other vegetable growth which will come 
up in the place of the algae? 

Mr. Stearns. I have asked that same question of our biologist, for I 
know nothing of these matters myself, and he said it was not, perhaps, 
certain that no algae would grow where it was dark, but he thought. it 
would be a practical remedy. I can say that we have found in places that 
are nearly dark in the filter galleries a very little,—I won’t call the name 
now (Laughter),—and about the same thing in each of three or four galle- 
ries, and we are going to investigate it further. It was in a small quanti- 
ty, and probably did not remain, and we are going to investigate and see 
if the same thing is growing in places which are absolutely dark. I asked 
him particularly about the Brookline filter gallery, and he said that was 
entirely closed from the light, and yet he did find a little of this there. 
There are some animals, I believe, that grow in the dark, like the sponge. 
That looks more like a vegetable than it does an animal, but I think it is 
found inside of the pipes, and it is a question whether it might not cause 
trouble, just as much as algex. We feel that we are only entering upon 
some of these points, and we are proposing to take water from different 
sources for a laboratory experiment, and then take reservoir water from 
some places where there is algae, and see if one is more favorable to the 
growth than the other, and whether we can leave the waters exposed to 
the light without any change. What we want to determine is whether in 
open reservoirs, where they have no trouble now, it is due to the fact that 
these growths have not yet got there; in other words, whether you can 
spoil the water by taking a pailful from somewhere else of water which is 
pretty heavily loaded, and seed the other down, so to speak. 

Mr. Winslow. We have a basin at Waltham, and at the present time 
there is a green growth there, the name of which I cannot state. It is a 
lively green color, and it looks to me, whether I am right or not I cannot 
say, that it comes from a weed which I call algae. It comes first in this 
green frothy shape, and then it turns into more of a dust, that is, to look 
out upon the water as you stand on the bank, and it finally turns a purple 
color. It looks to me as though it had rotted about that time, and it 
doesn’t stay there long; we generally take it off. This basin was perfectly 
free from all of these things for a number of years after it was built, but 
one Falla lot of ducks stopped there on their way South, and the next 
spring these weeds began to grow. SoI should say they did not come 
from the water itself, but were brought there from some other source. 
The question Mr. Harris asked was to see whether covering this basin 
would stop the growth of this algae, or of this vegetable matter, whatever 
it may be. 

Mr. Harris. If there is anything else that would grow in the place of 
the algae, that would not be stopped by covering the basin, of course we 
should not want to go to the expense of covering it, and take the chance 
of getting something else even more detrimental. We had rather have 
whatis there now. (Laughter.) 

Mr. Stearns. If I did not answer the question sufficiently, I would say 
that so far as I know the water in the covered filter galeries and from driven 
wells, and in all places where the light is excluded, is good. But if you 
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did not cover your reservoir on the hill as well as your filter basin, I think 
you might have trouble in the reservoir. It seems to me the trouble from 
the open distributing reservoirs has been rather less in cases where the 
water came first into an open filter basin. but that if you want to remedy 
the whole thing you must keep the water from the light until it reaches 
the consumer. 

Mr. FitzGerald. I am very glad to hear this matter of covering over the 
reservoirs discussed, especially in relation to the smaller supplies. Of 
course when you consider a large supply it is not practicable. On the 
other side of the water they have been doing it for years, and they never 
think, I think itis safe to say, of supplying a town with four or five 
million gallons a day, without seeing that their reservoirs are covered 
over and protected from the light and from the heat, which produce algz 
and other growths. 

Mr. Billings. This subject is especially interesting to any one from 
Taunton, because we have there a basin, shallow and not very large, in which 
we are obliged to store for a short time the ground water which we use. 
As far as I understand the conditions our basin is very much like that at 
Waltham. In the report for last year our commissioners recommended to 
the City Council that that basin be covered, and the plan which was pro- 
posed at that time-was not merely to cover it with a roof of timber, but to 
convert the open basin into a subterranean gallery or tunnel, very like the 
one we already have which opens into the basin. Our feeling has been 
we should make a mistake if we barely covered the open basin by a roof, 
that that would not be sufficient, and I would like to ask Mr. Stearns 
whether the experience thus far gained does not indicate that that is the 
safe position to take, and that the thorough covering and isolation and 
shutting out of the light and the heat which would come from the con- 
version of the basin into a tunnel would be safer and surer than the mere 
covering by a timber roof. 

Mr. Stearns. I am giving all these opinions on the question of covered 
reservoirs second hand, so far as my knowledge of the growth of algae 
goes, but I have understood that the exclusion of light would be sufficient. 
The covering more thoroughly would be an advantage in the matter of 
temperature, I have no doubt. 

Mr. FitzGerald. I think they generally cover them on the other side 
with arches and about four feet of earih, 

Mr. Stearns. I suppose Mr. Billings will acknowledge he has had some 
growth in his basin, if he wishes to cover it in order to stop it. 

Mr. Billings. We have a good deal of vigorous growth in the open basin 
which comes from the sloping sides in very uncomfortable quantities. 
And speaking of the growth which may come from covered places, I will 
say I have often stood at the opening of the tunnel, through which the 
water comes underground, for a distance of 800 feet, and as it empties into 
the basin I have seen little particles of a very light green spongy material 
fioating in it. Iam sure I do not know what the name of the substance 
is; perhaps it is the one you gave a little while ago (Laughter), but there 
is a growth of some kind even in the covered tunnel. I have noticed that 
itseems to be greater just at the opening where it comes into the basin, 
however, than it is twenty feet in, so far as I can see. We have felt that 
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even though there might be some growth if we covered the whole thing, 
yet it would bear no sort of proportion to the quantity that is there now, 
nor would it be the same as that which is there now. 

Mr. Hall. I thing the members of the Association will agree with me 
that this has been a most interesting meeting, made so by the valuable 
paper which has been read to us, and which has furnished the topic for 
the discussion which has followed; and I think the Association is under 
great obligation to the gentlemen who have so kindly favored us. I 
would move a vote of thanks be extended to Prof. Drown for his paper, 
and also to Mr. Stearns for the courtesy which he, as well as Prof. Drown, 
has shown us, and for their kindness in answering our questions. Ad- 
opted. 

In response to an inquiry from Mr. Wm. Rotch as to whether the fact 
that there is no free ammonia in the Boston water allows the inference to 
be drawn that the Cochituate water is remarkably pure, Prof. Drown said: 
My remarks were based upon the supply as it comes from the tap at the 
Institute of Technology. If we investigate the different sources of supply 
we will find a considerable variation, but as it is supplied to the consumer, 
that is the expression I used, itis a remarkably stable and permanent 
water. Free ammonia is almost always absent. It is the rarest thing 
for it to exceed a numeral in the fourth decimal, and when the samples 
are left standing for a month or two months, they give no free ammonia 
That indicates the stability of the nitrogenous matter in the water. It 
shows that there are no nitrogenous substances undergoing putrefactive 
change, for the indication of that process is the appearance of free 
ammonia. If we puta certain amount of free ammonia into this water 
it disappears and goes over into the nitrates, and does not set the example 
so to speak, to the albuminoid ammonia to follow suit. I do not know of 
another water among those we have investigated, that shows such com- 
plete freedom from change as does this supply. If we examine the 
separate sources of this supply we do not always find this condition of 
affairs. Something may happen when these different sources are mixed 
and they may undergo some change, in the conduits which bring the 
waters from the basins. I only speak of the supply furnished to the con- 
sumer in the region where I am located. 

Mr. FitzGerald. I want to add one word to that in a practical way, and 
that is that we have to take analyses on the Boston Water Works, on ac- 
count of the large territory which supplies the works, from some of the 
brooks which we know are not very good, but they form a very small pro- 
portion of the whole. Ofcourse you can find on almost any water shed 
some part that is objectionable. Itis very desirable to know what the 
quality of that water is, and so we include that among the points that are 
examined. And I think that the reason why the Boston water has had 
such a black eye, so to speak, is because people have always visited those 
bad points, and taken the water from those and had it analyzed, and 
formed their inferences therefrom. I am satisfied from pretty general 
practical knowledge of the works that such places form a very small por- 
tion of the whole. 

The Presidant. We have a gentleman here to-day who has been a mem- 
ber of the Association two or three years, perhaps longer, but who has 
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never been present with us before. I have the pleasure to introduce Mr. 
Allen, the City Engineer of Worcester. 

Mr. Allen. It is too late to make a speech, even if I were able to do so, I 
fully appreciate Mr. Stearns’ difficulty in answering the questions that have 
been put to him, for the reason that the experiments that have been made by 
the State Board of Health have extended over avery limited period of 
time. Of course we cannot expect to get good results from those experi- 
ments in less than a year, because the analyses should be made of the 









that the results obtained are going to be of the greatest value to us. Take, 
for instance, the matter of the covering of reservoirs which receive ground 
waters; I think there is something from the investigation of which we 
will receive great benefit. I do not know whether brother Stearn’s appro- 
priation runs over into another year or not, but if it does not it ought to, 
and I think that this Association can be of assistance to the State Board of 
Health in helping them obtain another appropriation if this one does run 
out; and I think it is the duty of us all, so far as we can, to influence the 
members of the Legislature from our districts to favor a liberal appro- 
priation for carrying out this work. I sincerely hope we shall all do so, 
Mr. Brackett of Boston, being called upon by the President, said: I have 
been very much pleased. of course, as you all have, with everything which 
has been said here to-day with regard to the question of water analyses, 
and I heartily concide with Mr. Allen’s remarks as to the great advantage 
which will be derived by continuing these experiments and analyses so as 
to cover not only one year but two or three years. The varying condi- 
tions of wet and dry seasons must have great influence on the quality of < 
the supply. As you are probably all aware, this past season has been a 
very wet one, and probably in a dry year some of our water supplies 
would not show as favorable results as they have during the past season. 
Adjourned. 

























, ADJOURNED MEETING. 


Young’s Hotel Boston, Jan. 11, 1888. President Darling in the chair. 

Present. Active members, Andrews, Allen C. F. Allis, Baldwin, Brown 
J. H., Coggeshall, Darling, Forbes, Fuller, Grush, Hammat, Hawes, Hol- 
den, Howland, Kent, Kieran, Kimball, McClintock, Noyes, Pierce, Ries, 
Robertson W. W., Rotch, Seymour, Stacy, Stearns F. P., Tower, Winship, 
Winslow, 30. 

Associate Members, Jenks, McKenna, Tilden, and representatives from 
Chadwick Lead Wks., Peet Valve Co., Walworth Mfg. Co. and H. R. Wor- 
thington, 7. - 

Guests. D C. Henny C. E., Amsterdam, Holland. F. W. Sheppard of 
“Fire and Water” and four others whose names we regret to say were not 
obtained, 6, Total, 43. 
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After dinner the company was called to order by the President, and the 
Secretary read the following list of names of applicants for membership all 
of whom had been considered and favorably reported upon by the execu- 
tive committee. 


FOR ACTIVE MEMBERS. 


Jos. Watters, Water Commissioner Fall River, Mass. A. H. Salisbury, 
Supt. Lawrence, Mass. Herbert F. Whittier, Registrar, Lawrence, Mass. J. 
C. Hammond Jr. Supt. Aqueduct Co., Rockville Conn. 


FOR ASSOCIATE MEMBERS. 


C. W. Talcott, Contractor, Woonsocket, R. 1. Gilchrist & Gorham 207 
Congress St., Boston, Mass. . 

By motion the Secretary was directed to cast the vote of the Association 
for the list as read, which he did and the President declared the gentlemen 
elected members of the Association. 

The President after a few words of welcome called for questions upon 
any topic of mutual interest upon which a member might desire special in- 
formation. No direct response was made, but an informal and general 
discussion was opeued by Mr. Stacy or MARLBORO who found himself, so 
he said, in a condition of some perplexity after listening to the paper and 
discussion of the last meeting. He was left with the impression that water 
might be very bad and yet pass a good chemical examination. ‘Thought 
that we should get all the information that is to be had as to the best 
methods of purification. His patriotism leads him to believe that this 
country is ahead in nearly everything, and that we shall not be obliged to 
resort to the costly filter beds of Europe to secure even better results than 
those obtained abroad: He hoped some one would address the Association 
at an early date upon the results obtained from the systems now so freely 
advertised. 

A. H. Howxanp, Boston, described the mechanical filter in use at Atlan- 
ta Ga. and stated that it does not remove the color from the water. Per- 
sonally he was looking for information upon the question of fuel. His ex- 
perience with coal, wood and coke has not been entirely satisfactory. The 
statement has been made to him that petroleum can be supplied at 2} cents 
per gallon and that at that price it will be found equivalent to coal at $3.00 
per ton. 

J. A. TrLDEN, Boston, called attention to extensive experiments upon 
this subject by the Penn. R. R. Co., the tabular results of which may be 
found in a recent number of Forney’s Raiiroad and Engineering Magazine. 

G. E. Wrxstow or WatTuHamM called attention to arecording gauge which 
he has recently designed for the purpose of recording the fluctuations of 
the water level in the distributing reservoir. 

It has been in use since April last with satisfactory results. He is now 
engaged in making some improvements, and will be in a condition to say 
more about it a month later. 

W. M. Hawes or Faiz River is so fully convinced of the necessity of 
the purification of water by filtration and other means, and there seems to 
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be so much difficulty in the matter, that he would suggest the appointment 
of a committee to consider the advisibility of obtaining a substitute for 
water. The liquid in his opinion need not be colorless. 

FRANK L. FULLER oF Boston was io favor of applying recording gauges 
to indicate the height of water in reservoirs, stand pipes &c. 

J. HENRY Brown or CHARLESTOWN did not consider these gauges strictly 
reliable. Besides it would create, a tendency to neglect visiting the reser- 
voirs as often as they should be. 

A. H. HowLanp oF Boston agreed with both previous speakers. In his 
experience these electric gauges had to be most carefully watched. The 
best one he had known was a case when he applied four floats, one to 
operate when the water was 10 feet from the top of the stand pipe, one each 
at 5, 3. and 1 foot, yet this one had shown some defects. 

J. Henry Brown mentioned acase where by having his watchman at the 
reservoir he promptly closed the gate at a time when there was a bad break 
ina 24inch main. The recording gauge wont shut the gates. 

F. P. Stearns. CHrer ENGINEER STaTE BoarD or Heattu. 126 Towns 
supplied in Massachusetts, 53 use filtered water, showing that much has 
already been accomplished in matter of filtration; whenever it is desirable 
to remove objectionable matter from water it must be filtered. It must be 
filtered slowly and through a large surface, 5 feet of sand has given good 
results. Many Bacteria and Microbes are removed by this process. The 
dissolved matter will be removed. Hopes to give some results in his report 
soon to be issued. 

PRESIDENT Dar.ine described the tilter bed in use at Pawtucket. Con- 
tains 268 square feet of surface. Depth of material four feet. Mate- 
rial, stones in layers of the size of a hen’s egg on the bottom and dimin- 
ishing with each layer. The top layer is pea gravel. Will filter four 
million gallons per day, cleaned once a week. Is now engaged in building 
a new filter bed for his new pumping station which will contain 2000 square 
feet, dimensions 20 x 100. 

A. H. Howxanp had such faith in the filter bed at Pawtucket that he had 
constructed a similar one at Eufaula Alabama, dimmensions 40 x 100. 

PRESIDENT DARLING stated that he has purchased six Edson recording 
gauges and placed them at different points on the system under his charge. 
He had done this hoping to detect the cause of certain irregularities which 
now existed. He requestcd that every member having recording gauges 
would send him by mail one sample diagram. He wished this collection 
for the purpose of studying by comparison the results which he obtained. 

The question of formation of anchor ice was briefly discussed by J. 
Henry Brown, F. P. Stearns, Horace Holden and others, on motion of Wil- 
Jard Kent of Woonsocket, it was voted to adjourn this meeting to Wed- 
nesday February 15th, at the same time and place. 
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ON THE PROPER METHOD OF COMPARING THE ECONOMY OF 
STRUCTURES OF DIFFERENT CLASSES. 


By Pror. Gro. F. SwWAIN. 


The engineer—no matter what branch of the profession he may follow 
—is frequently called upon to consider and decide upon the relative econ- 
omy of different classes of structures or machines for accomplishing the 
same ends. Some of these structures or machines may be much cheaper 
than others in first cost, but their life may be shorter, or the annual ex- 
pense of maintaining them greater; and it not infrequently is a question of 
some complexity to determine properly which is, in the end, the most 
economical. 

In deciding, for instance, upon the type of pumping engine to use in 
works of water supply, it is frequently necessary to compare pumping en- 
gines giving different duties, and differing in first cost. In planning 
bridges or viaducts, the alternative is between a stone arch, costing a large 
sum but requiring little or no expense for maintenance; an iron bridge, 
costing much less, but liable to wear out or to be outgrown by the rapid 
increase in weight of rolling stock, and requiring some annual outlay for 
repairs and maintenance; and a temporary wooden bridge or timber tres- 
tle,—cheap, but short-lived, and requiring constant attention. Again, in 
comparing chilled-iron with steel-tired car wheels, the same form of ques- 
tion appears, and the engineer will readily call to mind numerous cases 
where the same class of reasoning has to be made use of. 

Problems of this kind are not always attacked in the same way, and 
erroneous conclusions are not infrequently met with, due to a neglect of 
some of the essential elements of the problem. Sometimes we see two 
structures compared by simply finding the cost of the number of each neces- 
sary to last a given time; this being erroneous, because the question of in- 
terest is not considered. Sometimes we see two machines compared by 
finding for each the first cost plus the capitalized cost of maintenance; 
this being not strictly correct even. when the machines have the same life, 
and are worth the same sum when worn out. 

The object of this paper is to indicate what seems to the writer the 
proper method of viewing such questions, supposing the necessary data to 
be at hand. It must not be supposed, however, that anything will re- 
place a sound and far-seeing judgment. A completely correct solution of 
any problem of this kind is complicated by a great variety of circum- 
stances. The cost of materials of construction, of coal, of maintenance, 
is subject to variation; the rate of interest fluctuates, and the life of few 
structures or machines can be stated with absolute certainty. To the far- 
seeing mind, circumstances entirely aside from cost will sometimes, if not 
in the majority of cases, fix the class of structure to be adopted. Such 
considerations as the fact that rapid improvements in some branch of in- 
dustry bid fair to lead to great economy in the manufacture of certain 
machines or implements; or the fact that possible changes in the location 
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of a line of railroad may be found necessary or advantageous,—such con- 
siderations as these in many cases at once determine the class of structure 
to be adopted. Then again, the matter of cost is only one of the questions 
to be considered in determining upon any structure, and matters of safety, 
convenience, or time, may of themselves require a structure of a particular 
kind. Nevertheless, the question of cost should not be left out of consid- 
eration, and in discussing matters of this kind every possible aid toa 
proper judgment should be invoked. With this in view, the following 
reasoning may throw some light on the subject. 

The problem, in its most general form, may be considered to be this: a 
certain structure or machine costs A dollars, it requires the expenditure 
of B dollars for repairs at intervals of s years, it will last for n years, and 
when worn out it may be sold for D dollars. A second structure or ma- 
chine for accomplishing the same object costs A, dollars, requires the ex- 
penditure of B, dollars for repairs every s, years, last for n, years, and is 
worth D, dollars when worn out. Which of these will be more economi- 
cal, as a permanent thing, the rate of interest being r, payable semi-annu- 
ally? 

To answer this question we must compute the amount of present capital 
sufficient to provide permanently for each of these structures, and the one 
which requires the smaller capital will be more economical. Or we are 
enabled to find, by the same method, what the cost A, of a (perhaps new) 
appliance must be, in order that it may be more economical than a similar 
appliance in use, under various suppositions as to the life, cost of mainte- 
nance, etc. 

’ The present capital required for any structure will be made up of three 
parts. 

ist. A, the cost of the structure. 

2nd. A sum which, put at interest at r per cent, willincreasein s years, 
by the amount B. This sum may easily be shown to be 

B 


fa+2)" —1] 


r being expressed as a proper fraction (r=, if the rate is 6 per cent.) 

3d. A sum, put at interest at r per cent., will amount, in 7 years, to it- 
self plus (A—D); since at the expiration of the n years, the worn out struc- 
ture being sold for D dollars, there will result a sum sufficient to again 
expend A for a new structure, and have the original sum remaining, 
which in another n years will amount to sufficient to purchase a third 
structure, and so on indefinitely. This sum is 

A—D 


tatty" —1] 


The total present capital involved in the use of any structure is there- 
fore 


x B A—D 
[ (142)"—11 (a+2)"—1] 


In certain cases the formula is simplified. Thus if D is so small as to 
be practically zero in comparison with the first cost of a new structure, 
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and if B is the uniform annual cost of maintenance (supposed payable 
semi-annually) as in the case of a pumping engine, we have 


(+5) —1 
which in A is the first cost of the structure or machine, and 8 is the cap- 


italized cost of maintenance. This resultshows that it is not strictly cor- 
rect, in comparing, as a permanent investment, let us say, two pumping 
engines which may be supposed of equal durability, to compare simply the 
first cost plus the capitalized cost of operation, since this omits the last 
term in the above formula. This term, however, when n becomes large, 
rapidly decreases, and in many cases may well be neglected. 

The writer has several times had occasion to make comparisons of this 
kind, and he has found the method which has been described very useful 
as an aid to the judgment. Possibly it may be of some interest to others. 

The following table gives values of the quantity 


1 a 
r,™ pans 
[a+ 2) —1) 
for different rates of interest and different values of n. From the table 


the coefficient of B and of A—D in the above formula may be taken out. 
Table giving values of X for different rates of interest. 





3 per cent. 4 per cent. 5 per cent. 6 per cent. 
n x n x n x n x 
0.5 66.67 0.5 50.00 0.5 40.00 0.5 33.333 
1. 33.112 1, 24.752 1, 19.762 1. 16.420 
2. 16.287 2. 12.136 2. 9.634 2. 7.968 
3. 10.706 3. 7.924 3. 6.381 3. 5.152 
4, 7.905 4. 5.824 4 4.523 + 3.248 
5 6.23 5 4.566 5 8.570 5 2.908 
6 5.111 6 3.728 6 2.900 6 2.348 
7 4.314 7 3.130 7 2.421 7 1.951 
8 3.717 8 2.682 8 2.064 8 1.654 
9 3.254 9 2.335 9 1.767 9 1.424 
10 2.883 10 2.058 10 1.566 10 1.240 
12 2.328 12 1.644 12 1.236 12 0.968 
14 1.933 14 1.349 14 1.003 14 0.776 
16 1.638 16 1,130 16 0.831 16 0.635 
18 1.410 18 0.962 18 0.698 18 0.527 
20 1.228 20 0.828 20 0.593 20 0.442 
22 1.081 22 0.719 22 0.509 22 0.374 
24 0.958 24 0.630 24 0.440 24 0.319 
26 0.855 26 0.555 26 0.383 26 0.281 
28 0.768 28 0.493 28 0.335 28 0.236 
80 0.693 30 0.439 30 0.294 30 0.204 
35 0.545 35 0.333 35 0.216 35 0.144 
40 0.436 40 0.258 40 0.161 40 0.104 
45 0.353 45 0.202 45 0.121 45 0.075 
50 0.291 50 0.160 50 0.092 50 0.055 
55 0.241 55 0.128 55 0.071 55 0.040 
60 0.201 60 0.102 60 0.054 60 0.030 
65 0.169 65 0.082 65 0.042 65 0.022 
70 0.142 70 0.067 70 0.033 70 0.016 
715 0.120 5 0.054 15 0.025 75 0.012 
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PROVIDENCE, R. I., Feb. 18th, 1888. 
Messrs. Editors Journal N. E. W. W. Association. 
Gentlemen :— 


Some time ago, and for a specific purpose, I made requests for consumption sta- 
tistics from those members of our Association representing water works using 
pumps. These requests were met with a promptness most gratifying. I have tabu- 
lated these returns, and send copy herewith with request that if deemed of suffi- 


cient general interest, you publish the same in the Journal. 
Yours Truly, 
WM. B. SHERMAN. 


TABLE SHOWING CONSUMPTION OF WATER AND Pumprne CAPACITY IN 


Various CiTIESs AND TOWNS FOR THE YEAR 1886. 


Data collected about Nov 


- Ist, 1887. 








Name of City or Town. 


Consumpt’n 


lons. 


Minimum 
Daily 
Consumpt’n 
Gallons. 


Consumpt’n 


Average 
Daily 


Gallons. 


| 

Total Daily! 
Pumping | 
Capacity 
Gallons. 


Ratio 
Pump- 
i’g cap. 
to Av. 
Cons’ 

ten” 





Buffalo, N. Y. ........ 
Burlington, Vt.,....... 
Cambridge, Mass.,..... 
Charlestown, Mass.,.... 
Corning, N. Y.,........ 
DesMoines, Ia.,........ 


Elmira, N. Y.,......... 
Fall River, Mass.,...... 
Hackensack Wat. Co. t 
Hoboken, N. J., 

Hannibal, Mo.,........ 
Henderson, Ky., 

Lawrence, Mass.,...... 
Lowell, Mass.,......... 
Lynn, Mass.,.......... 


Manchester, N. H.,.... 
Marlboro, Mass.,....... 
Muscatine, Ia., ........ 
New Bedford, Mass., .. 
New Orleans, La.,..... 
Newton, Mass.,........ 
Paterson, N. J 

Pawtucket, R.I.,...... 


Providence, R. L.,...... 
Quincy, Mass.,........ 


St. Louis, Mo.,........ 
Taunton, Mass.,....... 
Trenton, N. J.,......:. 


Wilmington, N. C.,.. be 


55,000,000 
755,720 
5,801,446 
18.779, 632 
600.000 


2,528, 900 
2,250,000 
2'610,595 


750,000 
2,906,574 


Uwe, 


3,372,494 


41,769,000 
1,500,000 
2,250,000) 


27,000,000 
463,951 
2,200,994 
5,427,200 


1,366,200 
1,500,000 
1,089,350 
3,000,000 

280,000 

300,000 
2,099,206 
3,416,380 
1,326,402 


1,000,000 
188,550 
300,000 

1,455,987 

5,500,000 
398,000 

5,000,000 

1,750,000 





840,000 





Woonsocket, R. I.,.... 


400,000 





37,000,000 
621,812 
8,458,861 
7,399, 100 
350.000 
1,964,237 


2,000,000! 
1,603. 482 
4'000,000 


398,000 
500,000 
2,572,666 
3,957,659 
2,119,299 





243,565 


. 
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References. (a)—One 2 million engine now building. 


(6)—System Poot tae put 


(c)—5 mill 


ions of t 


(d)—Low service. 
28 to 46 million according to condition of engines. 
alculated on 46 millions capacity. 


(é)—From 


ig)—These returns are for year 


Lb service Nov. 1886. 


t. 1, 1886, to Oct 1, 1887. 
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OBITUARY. 


Thos. A. Hodge, North Adams, Mass. Died Dec. 16, 1887. Joined the 
Association June 21, 1883. 


Hosea F. Whidden, Whitman, Mass. Died Jan. 31, 1888, aged 56 years. 
Joined the Association April 1st, 1885. 
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